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http://www.cdc.gov/drugresistance/threat-report-2013/

THE

PROBLEM

http://www.cdc.gov/drugresistance/threat-report-2013/

http://www.cdc.gov/drugresistance/threat-report-2013/

Review on Antimicrobial Resistance (AMR), 2014.  Antimicrobial Resistance: Tackling
a crisis for the health and wealth of nations. London, UK http://amr-review.org
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Source: Pharmaceutical Sector Country Profiles, 2013; WHO

“…there is the danger that the ignorant man may 
easily underdose himself and by exposing his 
microbes to non-lethal quantities of the drug make 
them resistant” Alexander Fleming, Nobel Lecture, December 11, 1945

Hicks et al, Clin Infect Dis 2015; 60:1308-16

Larson, Science 2015; 347(6223):704

§ This is a city-scale molecular profile of DNA collected from a city’s subway 
system, public surfaces, and one waterway
§ Almost half of all DNA present on the subway’s surfaces matches no 

known organism
§ Hundreds of species of bacteria are in the subway, mostly harmless. More 

riders bring more diversity
§ One station flooded during Hurricane Sandy still resembles a marine 

environment
§ Human allele frequencies in DNA on surfaces can mirror US Census data

Afshinnekoo et al, CELS 2015; http://dx.doi.org/10.1016/j.cels.2015.01.001

Despite their isolation, presumably for >11,000 years since their ancestors 
arrived in South America, and no known exposure to antibiotics, they harbor 
bacteria that carry functional antibiotic resistance (AR) genes, including those 
that confer resistance to synthetic antibiotics and are syntenic with 
mobilization elements. 
These results suggest that 
Westernization significantly 
affects human microbiome 
diversity and that functional
AR genes appear to be a feature
of the human microbiome even
in the absence of exposure to 

commercial antibiotics.

Clemente et al, Sci Adv 2015;1:e1500183
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2013Commission: Antibiotic Resistance —
the Need for Global Solutions
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Carlet J, Clin Infect Dis 2015; 60(12):1837-41 *55 Countries
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http://www.cdc.gov/drugresistance/solutions-initiative/

2015

National Action Plan for Combating Antibiotic-
Resistant Bacteria (Action Plan)

Charter
Executive Order 13676 directs the Secretary of Health and Human 
Services (Secretary) to establish the Advisory Council in consultation 
with the Secretaries of Defense and Agriculture. The Advisory Council 
will provide advice, information, and recommendations to the Secretary 
regarding programs and policies intended to support and evaluate the 
implementation of Executive Order 13676, including the National 
Strategy for Combating Antibiotic-Resistant Bacteria (Strategy) and the 
National Action Plan for Combating Antibiotic-Resistant Bacteria (Action 
Plan). The Advisory Council shall function solely for advisory purposes.
•www.hhs.gov/ash/carb

Charge
National Strategy for Combating Antibiotic-Resistant Bacteria
Goals of National Action Plan:

1. Slow the Emergence of Resistant Bacteria and Prevent the Spread of Resistant 
Infections

2. Strengthen National One-Health Surveillance Efforts to Combat Resistance
3. Advance Development and Use  of Rapid and Innovative Diagnostic Tests for 

Identification and Characterization of Resistant Bacteria
4. Accelerate Basic and Applied Research and Development for New Antibiotics, 

Other Therapeutics, and Vaccines
5. Improve International Collaboration and Capacities for Antibiotic-resistance 

Prevention, Surveillance, Control, and Antibiotic Research and Development 

Membership
15 Voting Members; 5 Non-Voting Organizational Liaisons; 10 Non-Voting 

Ex Officios
• Dr. Martin Blaser (Chair)
• Dr. Lonnie King (Vice Chair)
• Dr. Bruce Gellin (Designated Federal Officer)
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Current Working Groups (WGs)

Developed WGs based on the 5 National Action Plan goals:
1. Antibiotic Stewardship: Human and animal
2. One-Health Surveillance: Animal, environment, human
3. Diagnostic Innovations: Fast, accurate, inexpensive
4. Research, Treatment, and Control R&D: Drug, alternatives, vaccines
5. International Collaboration on CARB: Microbes don’t respect borders

WG findings to be presented at the upcoming March 30-31, 2016,
public meeting in Washington, DC. Visit www.hhs.gov/ash/carb

* By 2020

*

http://www.cdc.gov/drugresistance/solutions-initiative/

“When the situation was manageable it was neglected, and 
now that it is thoroughly out of hand we apply too late the 
remedies which then might have effected a cure. There is 
nothing new in the story… it falls into… the confirmed 
unteachability of mankind. Want of foresight, unwillingness 
to act when action would be simple and effective, lack of 
clear thinking, confusion of counsel until the emergency 
comes… these are the features which constitute the 
endless repetition of history.”

Winston Churchill 
Speech -- Air Parity Lost
May 2, 1935
British House of Commons

§ Higher-level Political Will
§ Continuing Infection Control Refinements
§ Renewed Focus on Antimicrobial Stewardship
§ Dramatic Informatics Abilities
§ Striking Advanced Molecular Diagnostics
§ Major Microbiome Insights

§ Dimensions & Drivers of the Problem
§ Dimensions of the Response
§ Are Solutions Likely?
§ Achieved (4)
§ Achievable
§ Aspirational

Adapted from Weinstein & Kabins, Am J Med 1981; 70:449-54

RESISTANCE “ICEBERG”

Regional Spread Intra-facility Spread
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CDC, National and State Healthcare Associated Infections Progress Report, March 2015

MMWR March 4, 2011; 60(8):243 

Skin Colonization
(Fecal Patina)

Environmental
Contamination

If MDRO GI 
Colonization

~100% ~15-20%

40%

MDRO, Multi-drug resistant organism; GI, Gastrointestinal

Healthcare Worker Hand Contamination

15-20%

Patient Cross-Colonization

Shown are hazard ratios and 95% confidence intervals (vertical lines) for outcomes attributable to intensive care unit.  Results
based on unadjusted proportional-hazard models that accounted for clustering within hospitals.  Bubble plots of hazard ratios 
(predicted random effects or exponentiated frailties) from individual hospitals relative to group 
effects are shown. Bubble size indicates relative number of patients contributing data to trial.

Huang et al, N Engl J Med 2013; 368(24):2255-65  

MRSA 
Surveillance
& Isolation

MRSA Surveillance, 
Isolation, & 

Decolonization

No Surveillance;
Universal Daily 
CHG Bath & 5d 
nasal mupirocin

Before After
LTACH, Long-term acute care hospital; 
CRE, Carbapenem-resistant Enterobacteriaceae 
See Hayden MK et al, Clin Infect Dis 2015; 60(8):1153-61

What’s Measured 
Improves &

Now National 
Data

HAIs, Hospital-associated infections
www.apic.org
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“Yah, but there is a 
slight drawback. Most 
patients here do NOT

survive surgery. 
to get infected.”

See, this 
is where I 
should go !

The three most  common types of Enterobacteriaceae causing  healthcare acquired infections include 
Enterobacter spp., Klebsiella spp., and E.coli. These bacteria cause pneumonia, urinary tract infections, and 
bloodstream infections in patients. Taken together, Enterobacteriaceae spp. are the most common group of 
pathogens causing healthcare-associated infections. Emerging resistance to carbapenems makes treating 
these resistant infections very difficult.

3.8% 
Resistant 

(1,955 resistant of 
51,673 tested)

* HAIs include: CAUTI, CLABSI, AND SSI

§ Dimensions & Drivers of the Problem
§ Dimensions of the Response
§ Are Solutions Likely?
§ Achieved
§ Achievable (4)
§ Aspirational

MMWR August 2015; 64(30):826

CDC Vital Signs, August 2015 www.cdc.gov/vitalsigns/stop-spread

Lee et al, JAMIA 2013; 20:e139

Denotes ego hospital

Lee et al, Plos One 2011; 6:e29342

Lee et al, Health Aff 2012; 31:2295

…for healthcare-associated infections that spread between hospitals as a 
result of patient movements… once 10–20% hospitals are recruited as 
sentinels, only modest reductions are seen as more hospitals are recruited

Ciccolini et al, PNAS 2014; 111(6):2271-6
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Legend

LTACH

Nursing Home

Acute Hospital

Patient 

Social Network 
depiction of LTACH, 
Nursing Home, & 
Hospital spread of KPC 
(Carbapenem-resistant 
Klebsiella pneumoniae)

LTACH, Long term acute 
care hospital; MDRO, 
Multidrug resistant 
organism

Won et al, Clin Infect Dis 2011; 53(6):532-40 

REALM, Regional Evaluation of Legislative Mandate to screen patients for MRSA; 
LTACH, Long-term acute care hospital; KPC, Klebsiella pneumoniae carbapenemase 
producers

Hospital ICUs (blue) 
LTACHs (red)

KPC, Klebsiella pneumoniae carbapenemase producers; ICU, 
Intensive Care Unit; LTACH, long-term acute care hospital

REALM data courtesy of Michael Lin, MD, MPH; unpublished data, not for distribution

www.XDRO.org for Illinois 

Participants: Illinois hospitals including LTACHs, nursing 
homes, laboratoriesSee: www.xdro.org

“…I got a CRE alert last night on a patient 
we’ve never had before… the patient is 
from a nursing home… I went to check his 
transfer notes… nothing is in there. I don’t 
even think the nursing home knows that 
he has CRE. It was very exciting this 
morning to get this one because it was a 
case we didn’t know about… I really, 
really think this will be a cool system…”

CRE, Carbapenem-resistant Enterobacteriaceae 
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Snitkin et al, Sci Transl Med 2012; 
http://stm.sciencemag.org/content/4/148/148ra116.full.html

Fridkin et al, MMWR March 7, 2014; 63(9):194 

National Center for Immunization and Respiratory Diseases
Division of Bacterial Diseases

n Establish antibiotic prescribing patterns by age, 
diagnosis, and antibiotic choice

n Reach consensus on appropriate goals for reductions 
in use for common infections

n Engage stakeholders, promote goals, and track 
progress

n Now “Global-ize”?

Goossens et al, Clin Infect Dis 2007;44:1091-5 and 1259  

*In the United States and 27 European countries in 2004 (total use for Greece, Iceland, and 
Bulgaria, 2002 data for Poland, and 2003 data for Italy).  

§ Seven Stewardship Core Elements Proposed → 
CMS Mandate

§ Comprehensive Surveillance for Antibiotic Use 
(AU) is Essential

§ NHSN 2015 Survey of ~4,000 U.S. Hospitals will 
Provide Details of Stewardship Programs

§ Need to Engage Long-term Care Facilities

NHSN, National Healthcare Safety Network; NQF, National Quality Forum; CMS, 
Centers for Medicare & Medicaid Services
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html

Evans et al, N Engl J Med 1998; 338(4):232-8

When Doctors Followed Computer-driven 

Recommendations for Antibiotic Therapy
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Shorter Hospital Stays: 10 days vs 17 days (p<0.001)

Lower Costs per stay: $26,000 vs $45,000 (p<0.001)
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§ Antimicrobial Stewardship takes too much 
time, which affects our productivity

§ Antimicrobial Stewardship risks unhappy 
patients, which affects our income

§ Lessening antibiotic use in animal 
husbandry is still largely voluntary, which 
annoys many doctors who say, “Don’t 
bother us until that bigger problem is 
solved”

Change human behavior 
(e.g., improve attention to hygiene and asepsis)

or

Design a more “fool-proof” device. . .?

Do We Need Technology to Trump Bad Behavior?

§ Dimensions & Drivers of the Problem
§ Dimensions of the Response
§ Are Solutions Likely?
§ Achieved
§ Achievable
§ Aspirational (3)

UK’s Longitude Prize in Antibiotic Resistance

• Longitude Prize is a £10 million challenge
• Public decided the focus of the new prize to be antibiotic resistance
• The 5-year race has begun to develop a point-of-care test that will identify 

when antibiotics are needed and - if they are - which ones to use 
• Prize is the largest UK challenge and the first prize of its kind to be 

determined through a public vote
• As of Aug 5, 2015 - 92 teams from 15 countries have registered 

Submission Period begins June 2, 2015, 
9:00 a.m. EST. Submission Period ends

5 p.m. EST July 17, 2015.
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What Did Martin 
Arrowsmith, MD 
Discover?

SHORT-TERM
New Antibiotics

LONG-TERM
New Approaches?

Roux et al, Sci Transl Med 2015; 9(297) 
Available at: http://stm.sciencemag.org/content/7/297/297ra114

§ The increased virulence of antibiotic-resistant strains in 
experimental settings raises a serious concern that drug-
resistant strains might be better fit to cause serious, more 
difficult to treat infections

§ Overall… (such) strains… could have serious clinical 
consequences beyond the difficulties in choosing an 
effective therapeutic treatment

Plotkin et al, N Engl J Med 2015; 373:297-300

Nosocomial bacteria

Light et al, Am J Dis Child 1967; 113:291
Sprunt et al, Pediatr Res 1980; 14:308

Septimus & Schweizer, Clin Microbiol Rev 2016; 29:201-2 

Spor, Koren, Ley,  Nature Rev Microbiol 2011; 9:279

WE ARE WHAT WE EAT?
§Gut Microbiomes of Malawian 

Twins Discordant for 
Kwashiorkor, Science 2013; 
339:548-54
§Antibiotics Treat Malnutrition? 

N Engl J Med 2013; 368:425-35
§ Intestinal Metabolism and 

Cardiac Risk, N Engl J Med 2013; 
368:1575-84
§Gut Microbiota in Diabetes, 

Nature 2012; 490:55-60
§Duodenal Infusion of Donor 

Feces for Recurrent Clostridium 
difficile, N Engl J Med 2013; 
368:407-15
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Mice were infected with 108 VRE 
CFU after 1 week of ampicillin 
treatment. One day after infection, 
ampicillin treatment was stopped.  
Mice were orally gavaged for 3 
consecutive days, starting 1 day 
after antibiotic cessation, with PBS, 
a suspension of fecal pellets from 
untreated mice (feces), or an 
aerobic (aero) or anaerobic 
(anaero) culture of fecal microbiota 
from untreated mice.  Numbers of 
VRE CFU in the fecal pellets of 
infected mice were analyzed 5 
weeks after infection (n 8 to 10).  
Limit of detection, 10 CFU/10 mg. 
***, significantly different  
(P<0.001) from the PBS group; ns, 
not significant.

Ubeda et al, Infect Immun 2013; 81(3):965-73

§ Now is the time or never at all to control 
antimicrobial resistance; much is already 
known that can be harnessed

§ This war — like all wars — will require 
money, will power, resources, & ingenuity

§ Globalization of effort — especially to 
lessen environmental risk & to improve 
antimicrobial use — is essential and will 
require Olympian levels of partnership

Thank you!


